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§1. Sub-ignition Controlled by Pellet Injection 
in FFHR 
Mitarai, 0. (Kyushu Tokai University), Oda, A. 
(Yatsushiro National College of Technology), Sagara, A., 
Yamazaki, K., Motojima, 0. 
In U -ID experiments. the high density over 0. 5x Hl20 m·3 
can only be achieved by repetitive pellet injections . Therefore. 
it is imPortant to deveiop the pellet fueling control algorithm 
for regulating the fusion power through the electron density 
in FFHR helical reactor. In generaL the plasma parameters, 
such as the fusion power. oscillate by repetitive pellet 
injections. This oscillation must be reduced as small as 
p~ssible. In this study. we demonstrate the fusion power 
evolution without oscillation by repetitive pellet injections. 
As the clear L to H trd.llsition has not been observed in 
LHD experiments. we have used the alternative control 
algorithm for the heating power based on the density limit 
scalingDJ_ The heating power is applied so as to keep the 
density limi t over the operating density . We have also 
assum-ed the confinement factor of y H = 1. 6 over the ISS 95 
scaling. 
Hence. the heating power is given by 
p / (DL) [W] = (YDLoYprn(O) [ m -3])2 R 32 xl06 
EXT 0.25xl020 Bo(T] 
-(Pu- PB- Ps) 
where yoLo is the set value of the density limit factor(= I.1 ), 
y pr is the profile factor (= 2/3 for the parabolic density 
profile), n(O) is the peak density , Bo is the magnetic field 
strength, p a is the total alpha heating power density, PB is 
the total bremsstrahlung loss, and P s is the total synchrotron 
radiation loss . 
The repetitive pellet pulses are simulated by the pulse 
train of the square waves based on the time step of the 
calculation, which is controlled by the proportional (P) error 
signal of the fusion power. When the error signal of em= 
{ 1-P1/P 1,,} is negative (Pr > Pro), the pulse train is turned off 
to decrease the fusion power. In this study , both the gas 
puffing and the pellet injection are used and controlled by the 
same error signal of the fusion power to reduce the fusion 
power oscillations. On the other hand, gas puffing is 
regulated by PI-control with the delay time of 20 sec. 
The temporal evolution of plasma parameters during the 
sub-ignition access is shown in Fig. 1 for Bo= 10 T y H = 1.6 
and every 1 sec repetitive pellet injections. The 
preprogrammed heating power of 40 MW is initially applied. 
When the densitv reaches 2x10 20 m·3 , the repetitive pellets are 
injected. The fusion power increases linearly vvith pellet 
injection ("'Pellet") and gas puffing CSSDTL"). and 1 GW is 
obtained without oscillations. The temperature is around ~11 
keY and the density reaches 5x1020 m-3, which are both 
oscillating with s~all amplitude. The average and 
oscillating component of the heating power are to keep the 
density limit factor of I . I and to suppress the fusion power 
oscillation, respectively . The ma"Ximum heating power is 
taken as 120 MW. 
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Fig. 1 Temporal evolution of plasma parameters during the 
sub-ignition access with pellet fueling feedback 
control in FFHR. 
Table 1. Machine and plasma parameters for the compact 
size of FFHR. 
Major radius: 
Minor radius : 
Magnetic field: 
Fusion power: 
Maximum ex.1emal heating power: 
Enhancement factor over ISS95 scaling: 
Neutron wall loading: 
Alpha particle density fraction: 
Oxgyn impurity fraction: 
Effective charge: 
Alpha confinement time ratio: 
Temperature ratio: 
Fuel ratio: 
Alpha particle heating efficiency: 
Wall reflectivity: 
Hole fraction: 
Density profile: 
Temperature profile: 
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